Introduction: Anti-nucleosome and anti-C1q antibodies demonstrated an association with the development of glomerulonephritis in systemic lupus erythematosus (SLE). Some investigators have proposed that monitoring antiC1q and anti-nucleosome antibodies might be valuable for making predictions about lupus nephritis (LN) and assessment of disease activity as a non-invasive biological marker of renal disease. Objectives: The current study was proposed to investigate the presence of anti-C1q and anti-nucleosome antibodies in the sera of Egyptian patients with SLE and their association with LN. Methods: Eighty patients with SLE were included. Patients were classified into, a LN group including 40 cases with active LN (based on the results of renal biopsy and renal SLEDAI≥4) and a non renal SLE group including 40 patients (with no clinical or laboratory evidence of renal involvement that were attributed in the past or present to SLE). They were subjected to full medical history taking, clinical examination, routine laboratory investigations, measurement of antinuclear antibody (ANA), anti-ds DNA, anti-C1q & anti-nucleosome antibodies. Results: Anti-C1q antibody showed a statistically significant association with the presence of vasculitis and nephritis while anti-nucleosome antibody didn't show a significant association with the presence of any clinical features. Double positivity of anti-nucleosome and anti-C1q antibodies showed a statistically significant association with the presence of vasculitis and photosensitivity, high ECLAM score, elevated ESR, low serum albumin and low C3 levels. Conclusion: Serum anti-C1q antibody has a significant association with LN while double positive antibodies have a significant association with vasculitis and low C3 levels in Egyptian patients with SLE.
Introduction
Renal involvement in systemic lupus erythematosus (SLE), known as lupus nephritis (LN), is a common and serious complication and a major predictor of poor outcome with reports of 5-year survival with treatment ranging from 46 to 95% [1] . Early diagnosis and initiation of immunosuppressive treatment is critical to improve outcome of patients with LN and hence long-term survival in SLE [2] . However, the insidious onset and fluctuating nature of LN can make early detection and follow-up very difficult [3, 4] . Being an invasive, painful and risky procedure, the utility of renal biopsy as the first approach to patients with suspected LN is still controversial [5] . Renal biopsy remains the gold standard for the evaluation of LN disease activity. Renal biopsy is important to define the nature of renal involvement. Mechanisms other than immune-complex mediated glomerulonephritis can result in renal injury and require a different approach to management [6] . A more comprehensive picture of kidney pathology may be desirable as therapy of LN develops beyond the currently available non-targeted immunosuppressives to interventions that focus on specific immune pathways [7] . Up to date, the available literature does not allow us to state that omitting renal biopsy in the diagnostic and therapeutic routine brings more advantages than threats [5] . A reliable clinical biomarker that can forecast LN well before thresholds of proteinuria, renal function and urine sediment that signal clinical flare are reached would be a valuable tool [8, 9] . There are several autoantibodies that required attention in LN, including their use in diagnosis and monitoring, and their role in the pathogenesis [10] . Anti-nucleosome and anti-C1q antibodies demonstrated an association with the development of glomerulonephritis in SLE [11] . It has been suggested that autoantibodies to C1q were found to be elevated in the sera of SLE patients and are closely associated with renal involvement [12] . Some investigators have proposed that monitoring anti-C1q might be valuable for the clinical management of SLE patients as a non-invasive biological marker of renal disease [13] . A Brazilian study on SLE patients confirmed the association of anti-C1q antibodies with nephritis and disease activity [14] . Another autoantibody that has been proposed to be linked to the occurrence of glomerulonephritis in lupus is antinucleosome antibody [15] . Nucleosomes are generated during cell apoptosis by cleavage of the chromatin by endonucleases. Studies have shown that the clearance of apoptotic cells by macrophages in patients with SLE is impaired. This leads to decreased clearance of nucleosome [16] . Anti-nucleosome antibodies could be a useful parameter for early diagnosis and follow-up of SLE with nephritis [17] . The current work was carried out to investigate the association of both anti-nucleosome and anti-C1q antibodies with the occurrence of lupus nephritis.
Patients and methods

Study population
This study was conducted on eighty patients with SLE diagnosed according to the American College of Rheumatology (ACR) 1997 revised criteria for the classification of SLE [18] . Subjects were recruited from the Rheumatology and Rehabilitation Department, Faculty of Medicine, Cairo University hospitals and Rheumatology clinic of Helwan University Hospital from December 2016 to December 2017. An Informed consent was obtained from all patients and the study was approved by the local ethics committee.
Patients were classified into two groups, group (I) which included 40 cases with active LN [based on the results of kidney biopsy and renal systemic lupus erythematosus disease activity index (rSLEDAI) ≥4] and group (II) which included 40 age matched SLE patients without LN [with no evidence of major renal manifestations that were attributed in the past or present to SLE disease and with normal serum creatinine and urine sediment].
Methods
All SLE patients were subjected to full history taking, general examination, cardio pulmonary, abdominal, neurological and locomotor systems examination. Peripheral blood was obtained within 3 days before renal biopsy for measurement of autoantibodies, complete blood count (CBC), complement C3 and C4 levels, erythrocyte sedimentation rate (ESR), blood urea nitrogen (BUN), serum albumin, and creatinine. Urine analysis and protein quantification in 24 h urine samples were performed for all patients. ANA were determined by indirect immunofluorescence (Hemagen Diagnostics, USA), titres of 1:160 were taken as a cut off value. Anti-dsDNA were done by Crithidia Luciliae indirect immunofluorescence test (CLIFT). Serum C3 and C4 levels by nephelometry (Beckman, USA). Anti C1q and antinucleosome IgG antibodies were tested in sera using Enzyme Linked Immunosorbent Assay (ELISA) [19, 20] . (According to the manufacturers' instructions from Orgentic Diagnostika GmbH). Cut off values were ≥ 10 u/ml for Anti C1q and ≥ 20 u/ml for antinucleosome antibodies.
Renal pathology was classified according to the revised International Society of Nephrology and Renal Pathology Society (ISN/RPS) classification [21] .
Assessment of disease activity
Disease activity was assessed using The European Consensus Lupus Activity Measurement (ECLAM) [22] . A global activity score which assesses disease activity within the past month. It comprises 15 weighted clinical and serological items with a theoretically possible range of 0-10, with 0 being no disease activity.
Statistical analysis
Data was collected, tabulated and statistically analyzed using Statistical package for social science (SPSS) software version 15. Measurement of data consistent with normal distribution was expressed as mean ± SD. Measurement of categorical variables was expressed using the odds ratio and 95% confidence interval.
Statistical differences between groups were tested using Chi Square test for qualitative variables, Student's T test between 2 groups for quantitative normally distributed variables while Nonparametric Mann-Whitney test and Kruskal-Wallis test were used for quantitative variables which are not normally distributed. Correlations were done to test for linear relations between variables. P-values less than 0.05 were considered statistically significant.
Results
Clinical and laboratory features among patient groups
Eighty Egyptian patients with SLE, 40 with LN (group I) and 40 without (group II) were included in this study. Active LN patients were receiving pulse methylprednisolone, cyclophosphamide and mycophenolate mofetil while those without LN were maintained on oral prednisolone, hydroxychloroquine and azathioprine. Clinical features did not show a significant difference between the two groups. However statistically significant differences were found between both groups in the following variables: ECLAM score, serum albumin, serum creatinine, low C3 & C4 and anti-C1q antibody positivity. Detailed comparisons between groups are presented in Table 1 .
Relationship between anti-nucleosome antibodies and other disease parameters among study groups Anti-nucleosome antibody was positive in 49 (61.25%) patients of the 80 SLE patients. 24 (60%) patients in group I and in 25 (62.5%) patients in group II. Clinical features, activity assessment by ECLAM and renal histopathology did not show a significant difference between patients with positive and those with negative anti-nucleosome antibody. However serum creatinine was statistically significantly lower among patients with positive anti-nucleosome antibody (t = 2.11, P < 0.05). (Tables 2 and 3 ). renal histopathology did not show a significant difference between patients with double positive and those with double negative antibodies. (Table 6 ).
Predictors of lupus nephritis
Multivariate analysis demonstrated that a low C4 complement level was most highly predictive of the presence of lupus nephritis, with a relative risk of 14.04 and a P value of < 0.001. A low C3 complement level was the next most significant factor, with a relative risk of 5.57 and a P value of < 0.001. In addition, the presence of anti-C1q antibody provided a significant predictive value with a relative risk of 3.60 and a P value of 0.007 (Table 7) .
Discussion
There is a prevailing need for validated biomarkers that can diagnose active organ involvement during SLE disease flares. Lupus nephritis (LN) is a common major organ manifestation and a main cause of morbidity and mortality. The diagnosis of LN has an important clinical implication in guiding treatment of SLE [23] . Some investigators have proposed that monitoring anti-C1q and anti-nucleosome antibodies might be valuable for making predictions about lupus nephritis and assessment of disease activity as a non-invasive biological marker of renal disease [13] . In this study we investigated the association of anti-nucleosome and anti-C1q antibodies with the development of lupus nephritis. Our study enrolled 80 SLE patients with and without LN. Anti-nucleosome antibodies were elicited in 49 (61.25%) patients, 24 (60%) in group I and in 25 (62.5%) in group II (p = 0.818) with a non-statistically significant difference between both groups. Although, some investigators suggest that anti-nucleosome antibodies are more likely to be detected in patients with nephritis and may serve as a useful biomarker in the diagnosis of active LN [24] [25] [26] , our study was unable to confirm this association. In agreement with our findings, several authors showed that anti-nucleosome antibodies have a limited value in distinguishing SLE patients with or without active nephritis [15, 17, [27] [28] [29] . Furthermore, data from a meta-analysis conducted on 26 articles showed that anti-nucleosome antibody didn't correlate with kidney involvement in SLE, but was significantly associated with disease activity measured by the international score systems [30] . Identification of patients with active SLE is anchored on the presence of clinical symptoms, with compatible serological abnormalities reinforcing the clinical impression. Several reports have addressed the utility of anti-nucleosome antibodies to monitor disease activity with varying findings. In our study, disease activity as assessed by ECLAM score was not mirrored by the presence of anti-nucleosome antibody. Furthermore, anti-nucleosome antibodies were not associated with laboratory features that signify active disease as elevated ESR, low C3, low C4, & low albumin. This conclusion was consistent with other studies [15, [31] [32] [33] [34] .
Our study was able to support the association of anti-C1q antibody and the development of LN. Anti-C1q antibody was detected in 34 (42.5%) patients, After a multivariate analysis in our patients, positive anti-C1q antibody has been isolated as a statistically significant risk factor for developing lupus nephritis (OR = 3.60, p = 0.007). Anti-C1q antibodies were also associated laboratory markers of active disease as elevated ESR (p = 0.015), low serum albumin (p = 0.009) and low levels of C3 (p = 0.033) and C4 (p = 0.037). Several studies demonstrate a strong correlation between the presence of anti-C1q antibodies and lupus nephritis, and suggest that anti-C1q determination may serve as a noninvasive biomarker to monitor renal involvement and/or predict renal flares [11] [12] [13] 35] . On the other hand, Katsumata and colleagues demonstrated that antibodies to C1q were associated with global activity of SLE but not specifically with active LN [36] . In a review of 28 studies measuring anti-C1q antibodies to detect a history of LN in SLE patients and 9 studies in which anti-C1q was measured to distinguish between active and inactive LN, they suggested that the measurement of anti-C1q auto-antibodies as a 'stand-alone' biomarker is not diagnostically useful [37] The variability reported in different studies for anti-C1q antibody could be in part attributed to differences in classes of nephropathy, the time of serum sample and methodological differences in the commercial ELISA kits used.
In spite of a growing number of reports on the study of anti-nucleosome and anti-C1q antibodies, only few studies focus on the simultaneous presence of both antibodies. In the current study, double positivity of anti-nucleosome and anti-C1q antibodies was found in 22 (27.5%) patients. In an effort to explore the relationship between double positive antibodies and different disease manifestations, a statistically significant association was found with vasculitis (p = 0.016). To date, no studies have investigated the association between double positive antibodies (anti-nucleosome and anti-C1q) and clinical features in SLE patients. Regarding the relationship between double positive antibodies and laboratory findings, our study showed that patients with double positive antibodies have a significantly higher disease activity as assessed by ECLAM score, elevated ESR, lower serum albumin and low C3 levels. Our findings parallel those of other authors [38, 39] .
As this study did not investigate the relationship between longitudinal changes in disease activity and autoantibody titres in individual patients, detection of alterations in antibodies with clinically significant changes might have been masked by a predominance of individuals with no change in disease activity or a balance between individuals with flaring and remitting disease. We suggest that longitudinal tracking of biomarkers and disease activity may be more useful for updating clinical decisions at the time of assessment than forecasting flares.
Conclusions
In conclusion, presence of anti-C1q antibody is associated with the risk of developing LN; however, further, larger prospective studies are warranted to clarify and evaluate the specificity and predictive value of anti-C1q antibodies as a non-invasive biomarker of active LN to help in early identification of patients at risk whom would be eligible for early intense immunosuppressive treatment.
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